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© Stacked heat exchanger. 



^ © The stacked heat exchanger (85) has a structure 
^ wherein grooves (46) are brazed together to seal the 
external surface of the coolant passage, further 
^ grooves (47) are brazed together to form a partition 
^ between the straight incoming and outgoing flow 
passages, and least one groove (67) in the straight 
incoming and outgoing flow passage section which 

in 
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groove runs in parallel with the grooves (46,47) ear- 
lier mentioned is formed on the formed plates. With 
this structure, drain water flows down promptly 
through these grooves (46,47,67) and the splashing 
of the drain water into the downstream area of the 
heat exchanger (85) can be prevented. 
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FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

The present invention relates to a stacked heat 
exchanger which can be used as an evaporator in 
air conditioners for motor vehicles and which can 
rapidly clear condensed water on its surface as 
drain water and prevent the condensed water from 
splashing in the downstream side of the evaporator. 

A conventional stacked heat exchanger is dis- 
cussed here using Figs. 16 and 17. Fig. 16 is a 
side view of the conventional stacked heat ex- 
changer, and Fig. 17 shows an enlarged longitudi- 
nal section of the right side of Fig. 1 6. 

In Figs. 16 and 17, flat tubes 1 are formed by 
butting two press-formed plates 2. At one end of 
the flat tubes 1 (the upper end in the figure) in- 
take/outlet tank sections 3 are formed. 

A stacked heat exchanger (evaporator) 5 is 
structured by alternately stacking the flat tubes 1 
and corrugated fins 4 and by connecting the in- 
take/outlet tank sections 3 to one another. 

The outer sides of flat tubes 1a located at 
either end of the heat exchanger form the end 
plates 6, and through these end plates 6 there are 
passage holes 7 opening into the adjacent in- 
take/outlet tank sections 3. One of these passage 
holes 7 is connected to an inlet pipe 8 for the fluid 
coolant, and the other passage hole 7 is connected 
to a drain pipe 9 for the coolant. 

Both the inlet pipe 8 and the drain pipe 9 are 
attached to the end plates 6 by means of brazing. 
Also, corrugated fins 4 are formed between the 
side plates 10 and end plates 6. 

The intake/outlet tank section 3 is partitioned 
into an intake section 11 and an outlet section 12 
by a partition (not shown) that runs in the direction 
of the length of the panel of flat tubes 1. The intake 
section 11 of each intake/outlet tank section 3 
communicates with the intake section 11 of the 
adjacent intake/outlet tank section 3 and likewise 
the outlet section 12 of each intake/outlet tank 
section 3 communicates with the adjacent outlet 
section 12 via communicating holes 13. 

The flat tube 1 is here described in Fig. 18. 
Fig. 18 shows a front view of the plate 2 that 
constitutes the flat tube 1. 

The inner hollow section of plate 2 is par- 
titioned into two chambers 16 and 17 by a parti- 
tioning wall 15 which extends vertically. The lower 
end of partitioning wall 15 does not extend all the 
way to the bottom so that the lower end of plate 2 
forms a U-turn section 18 in which the coolant 
makes a U-turn. By butting two of the plates 2, the 
partitioning wall 15 partitions the intake/outlet tank 
section 3 into the intake section 11 and the outlet 
section 12, and it further partitions chamber 16 that 
is a continuation of the intake section 1 1 and cham- 



ber 17 that is a continuation of the outlet section 
12. Furthermore, chambers 16 and 17 commu- 
nicate at the U-turn section 1 8 so that a continuous 
fluid passage is created by the chambers 16 and 
5 17 and the U-turn section 18. 

In chambers 16 and 17, a plurality of projec- 
tions 19 are formed so that chambers 16 and 17 
are further partitioned into a multitude of small 
maze-like passages. There are guide ribs 20 pro- 
io jected into the U-turn section 18 and the flow of the 
coolant is thereby guided through the turn from 
chamber 16 to chamber 17 by the guide ribs 20. 

Using Fig. 20, the flow of the coolant in the 
aforementioned evaporator 5 is explained. Fig. 20 
rs shows the flow path of the coolant. 

The evaporator 5 is roughly divided into three 
groups 21, 22 and 23 (refer to Fig. 20). The inlet 
pipe 8 and the drain pipe 9 are connected to 
groups 21 and 23, and the arrangement of the 
20 intake section 11 and the outlet section 12 for 
these groups are identical. However, the arrange- 
ment of the intake section 1 1 and the outlet section 
12 in group 22 is reversed. 

In the intake/outlet tank sections 3 facing each 
25 other between groups 21 and 22 and again be- 
tween groups 22 and 23, the outlet section 12 of 
group 21 communicates with the intake section 11 
of group 22, and the outlet section 12 of group 22 
communicates with the intake section 11 of group 
30 23. The intake section 1 1 of group 21 is connected 
to the inlet pipe 8 by the passage hole 7 in the end 
/ plate 6. The outlet section 12 of group 23 is con- 
nected to the drain pipe 9 by the passage hole 7 in 
the end plate 6. 
35 The coolant 31 that is taken into the evaporator 

5 through the inlet pipe 8 is sent to the U-turn 
section 18 via the intake section 11 and the cham- 
ber 16 of group 21. Then it makes a U-turn at the 
U-turn section 18 and is sent to the outlet section 
40 12 via chamber 17. The coolant, which is thus sent 
to the outlet section 12 of group 21, is then sent to 
the intake section 1 1 of group 22 and then on to 
group 23 by following a similar flow path as in 
group 21 . Then it goes through the same fluid path 
45 in group 23 (chambers 16, 17, U-turn section 18) to 
be discharged through the drain pipe 9. 

In the meantime, air 32 is supplied between 
corrugated fins 4, and the air 32 is cooled by the 
latent heat of evaporation of the coolant 31 . The air 
so path is partitioned into an upper flow and a lower 
flow by the flat portion of the corrugated fins 4. 

Now the corrugated fins 4 are explained using 
Fig. 19. Fig. 19 (a) shows an enlarged view through 
the line A - A of Fig. 16. 
55 A plurality of cut and raised louvers 75 are 

formed along the direction of the air flow (the 
vertical direction in the figure) in the flat portion 4a 
of the corrugated fins 4. The raised louvers 75 form 
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louver groups 76 that are grouped for a fixed 
number of louvers and independent from each oth- 
er. The incoming air in each flow path partitioned 
by the flat portions 4a of the corrugated finds 4 is 
exchanged through the raised louvers 75 between 
different air paths. 

In the evaporator 5 described above, de- 
humidification occurs as the temperature of the air 
32 is lowered to below its dew point temperature. 
Water in the air 32 condenses when the tempera- 
ture becomes lower than the dew point, and water 
appears on the external surface of the flat tubes 1 
and the internal surface of the end plates 6. Espe- 
cially in the lower part of the downstream area of 
the air flow 32, the down-flowing condensed water 
tends to collect and inhibit efficient heat exchange. 

Also, in the stacked heat exchanger described 
above, as its heat exchanging work capacity in- 
creases, the quantity of condensed water also in- 
creases. 

In such a stacked heat exchanger, there is a 
groove formed on the externa! surface of flat tubes 
1 by the partitioning wall 15 and this groove guides 
the flow of the condensed water downward. How- 
ever, as this groove alone cannot always handle 
the quantity of flowing condensed water, there has 
always been likelihood of condensed water flowing 
onto the corrugated fins 4 and splashing down- 
stream of the air flow due to the force of the air 
flow. As each of the plates 2 has a partitioning wail 
15, the depth of the groove is only half the thick- 
ness of the flat tubes 1. The resulting groove, 
therefore, is insufficient to contain and guide down 
all the flowing condensed water. 

Also, on the external surface of the flat tubes 1, 
there is a groove formed by the part of partitioning 
wall 15 that separates chambers 16 and 17 as 
described above, and the condensed water can be 
guided to flow down to the bottom by following this 
groove in the flat tubes 1. However, there is no 
guide groove of any sort on the inner surface of the 
side plate 6 for guiding the condensed water; con- 
sequently it has always been likely that some water 
will splash from the inner surface of side plate 6. 

Furthermore, in order to improve the heat 
transfer efficiency, there usually are cut and raised 
louvers 75 formed in the corrugated fins 4 and as 
shown in Fig. 19(a). These raised louvers 75 are 
parceled into groups 76 with a specific number of 
louvers. However, as illustrated in Fig. 19(b), in the 
flat portion 4a of the corrugated fins 4, the width L 
of the non-louvered sections 77 becomes greater 
than the width I at the louver groups 76 because of 
the formation of the cut and raised louvers. There- 
fore, contact can be made between the flat tube 1 
and plate 2 only at the non-louvered sections 77, 
and defective brasing has been a problem since 
alongside the louver groups 76 un brazed areas 



occur. 

OBJECT AND SUMMARY OF THE INVENTION 

5 An objective of the present invention is to ad- 

dress the problems discussed above. Each aspect 
of the present invention solves some of the above 
problems but necessarily all of them at the same 
time. 

70 In order to achieve this, the stacked heat ex- 

changer of the present invention is formed by 
stacking a plurality of corrugated fins and a plural- 
ity of flat tubes for coolant flow, each of which is 
formed by joining a pair of formed plates which 

75 have a shallow dish-like section and an intake/outlet 
tank section for the coolant located at one end, 
which tank section is deeper than the shallow dish 
section so that the formed plate face each other, 
wherein a U-shaped coolant passage comprising 

20 two straight incoming and outgoing passages and a 
semi-circular turn passage is formed between the 
two joined formed plates so that the coolant flows 
from an intake coolant tank at said intake/outlet 
tank section to an outlet coolant tank at said in- 

25 take/outlet tank section, wherein a corrugated plate 
is inserted into the straight passage; 

wherein a side plate is disposed on either end 
in the direction of the stacking to form an outer 
wall; and 

30 wherein each formed plate has a groove which 

is brazed together with a corresponding groove on 
another formed plate and seals outer periphery of 
the flat tubes when the formed plates are butted 
together, and each formed plate also has a groove 

35 which is brazed together with a corresponding 
groove on another formed plate and forms a parti- 
tion between the two straight passages, and each 
formed plate also has at least one groove formed 
in the straight passages in parallel with any of said 

40 grooves. 

With this structure, the present invention 
makes it possible to draw the water flow downward 
through the grooves promptly so that the drain 
water is prevented from splashing into the down- 

4$ stream area of the heat exchanger. 

The stacked heat exchanger of the present 
invention is also structured in the following manner: 
it has flat tubes formed by butting two press- 
formed plates and is formed by stacking a plurality 

so of the flat tubes and a plurality of corrugated fins 
alternately, wherein side plates are provided as 
external wall plates on both sides of the heat ex- 
changer in the direction of the stacking, and 
wherein at least one groove extending vertically is 

55 provided on the inner surface of the side plates, 
and the back side of the groove also projects out 
on the outside surface of the side plates. With this 
structure according to the present invention, the 

4 
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condensed water on the inside of the side plates 
flows promptly down through these grooves. 

As a result, no condensed water collects inside 
the side plates, eliminating the risk of water splash- 
ing downstream in the air current. As the grooves 
project on the outside as well, the structure im- 
proves the rigidity of the side plates. 

Moreover, the present invention also provides a 
stacked heat exchanger which comprises flat tubes 
formed by butting two press-formed plates and is 
formed by stacking a plurality of such flat tubes 
and a plurality of corrugated fins alternately; 
wherein a plurality of raised louvers are formed on 
a flat portion of the corrugated fins 4 in the direc- 
tion of air flow, so that the louvers are grouped into 
individual louver groups spatially separate from one 
another in such a manner that a non-louvered sec- 
tion is provided between the louver groups; 
wherein a partitioning groove is formed on the 
external surface of the fiat tubes, so that the back 
side of the partitioning groove projects into the fluid 
passage in such a manner that the back side of the 
partitioning groove divides fluid flow within the flat 
tubes into an upward flow and a downward flow, 
and so that the non-louvered section of the cor- 
rugated fins and the partitioning groove on the flat 
tubes are arranged to correspond with one another. 

Because of this construction according to the 
present invention, the wide part of the non-louvered 
section fits into the partitioning groove on the plate, 
making line contact of the plate with the non- 
louvered section possible and eliminating any un- 
brazed portions. In this way, the accuracy of braz- 
ing for the flat tubes and corrugated fins is im- 
proved, eliminating any places where defective 
brazing can occur. At the same time, with this 
partitioning groove, the water which has condensed 
on the surface of the flat tubes can be discharged 
promptly. 

Furthermore, the present invention also pro- 
vides a stacked heat exchanger which comprises 
flat tubes formed by butting together a pair of 
formed plates, each of which has an intake/outlet 
tank section for receiving and discharging fluid at 
one end and at least one groove that runs vertically 
on the external surface of a core section of the flat 
tubes which core section forms a passage for the 
fluid, and which stacked heat exchanger is formed 
by stacking a plurality of the flat tubes and a 
plurality of corrugated fins alternately stacked; 
wherein the groove forms a drain channel between 
the external surface of the flat tubes and the cor- 
rugated fins; wherein the groove is formed on one 
of the pair of formed plates by forming a portion 
indented to such a depth that the one formed plate 
comes in contact with the inside surface of the 
other formed plate at the groove. 



Formed as described above, the groove for 
guiding the down-flowing condensed water in the 
present invention has a depth approximately the 
same as the thickness of the flat tube, and this 

5 ensures adequate channeling of the down-flowing 
condensed water. 

Furthermore, the present invention also pro- 
vides a stacked heat exchanger which comprises 
flat tubes formed by butting together a pair of 

io formed plates, each of which has an intake/outlet 
tank section for receiving and discharging fluid at 
one end and at least one groove that runs vertically 
on the external surface of a core section of the flat 
tubes which core section forms a passage for the 

is fluid, and which stacked heat exchanger is formed 
by stacking a plurality of the flat tubes and a 
plurality of corrugated fins alternately; wherein each 
corrugated fin is sectioned into a plurality of ele- 
ments at a position of the groove, so that a drain 

20 discharge channel is formed by the groove and a 
space created between the elements of the cor- 
rugated fin. 

With this structure according to the present 
invention, the problem of impediment of the down- 

25 flowing condensed water guided in the channel by 
the corrugated fins is eliminated. 

Furthermore, the present invention also pro- 
vides a stacked heat exchanger which comprises 
flat tubes formed by butting together a pair of 

30 formed plates, each of which has an intake/outlet 
tank section for receiving and discharging fluid at 
one end and at least one groove that runs vertically 
on the external surface of a core section of the flat 
tube which core section forms a passage for the 

35 fluid, and which stacked heat exchanger is formed 
by stacking a plurality of the flat tubes and a 
plurality of corrugated fins alternately stacked; 
wherein a plurality of drain channels are formed 
between the external surface of the flat tubes and 

40 the corrugated fins by disposing a plurality of said 
grooves on the flat tubes so that the width of said 
grooves increases from the upstream side toward 
the downstream side of air flow. With this structure, 
even when the amount of condensed water in- 

45 creases toward the downstream direction of the air 
flow, the problem of water overflowing the channel 
is eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Fig. 1 is a side view of the stacked heat 
exchanger in an embodiment of the present inven- 
tion. 

Fig. 2 is an exploded perspective view of the 
55 coolant passages used in the first embodiment of 
the present invention. 

Fig. 3 is a cross-sectional view of the same 
coolant passages when assembled. 
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Fig. 4 is an exploded perspective view of the 
coolant passages used in the second embodiment 
of the present invention. 

Fig. 5 is a cross-sectional view of the same 
coolant passages when assembled. 

Fig. 6 is an enlarged view of the X portion of 
Fig. 5. 

Fig. 7 is a cross-sectional view of coolant pas- 
sages used in the third embodiment of the present 
invention. 

Fig. 8 is a perspective view of the same cool- 
ant passages and the air-side fins when assem- 
bled. 

Fig. 9 is a cross-sectional view at the line 
indicated by arrow IV in Fig. 1 . 

Fig. 10 is a view of line IV - IV of Fig. 9 

Fig. 11 is an enlarged view of the area in- 
dicated by the arrow V in Fig. 1 . 

Fig. 12 is a cross-sectional view through line III 
-III of Fig. 1. 

Fig. 13 is an exploded perspective view of the 
flat tubes. 

Fig. 14 is a side view of the surface of one of 
the butted plates forming the flat tubes. 

Fig. 15 is a cross-sectional view through line C 
- C of Fig. 1. 

Fig. 16 shows a side view of the prior art 
stacked heat exchanger. 

Fig. 17 shows an enlarged longitudinal cross 
section of the right side of Fig. 16. 

Fig. 18 shows a front view of the plates that 
comprise the flat tubes. 

'Fig. 19 is a cross-sectional view through the 
line A - A of Fig. 16. 

Fig. 20 shows the overall flow pattern of the 
coolant in the stacked heat exchanger. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

Fig. 1 is a side view of the stacked heat 
exchanger in an embodiment of the present inven- 
tion. Fig. 2 is an exploded perspective view of the 
flat tubes, and Fig. 3 is a cross-sectional view of 
the flat tubes when assembled. 

In these figures, the flat tubes 81 are formed 
by butting two press-formed plates 82. At one end 
of the flat tubes 81 (the upper end in Fig. 1), an 
intake/outlet tank section 83 is formed. The flat 
tubes 81 and corrugated fins 84 are alternately 
stacked and the intake/outlet tank sections 83 are 
connected so as to form the stacked heat ex- 
changer (evaporator) 85. 

At the outer sides of the flat tubes 81 a that are 
located at either end, end plates 86 are fitted. In 
the end plate 86 passage holes 87 are formed 
through to the intake/outlet tank section 83. One of 
the passage holes 87 is connected with the coolant 



intake header 88 and the other passage hole 87 is 
connected with the coolant outlet header 89. On 
the outside of the end plates 86, there are cor- 
rugated fins 84 and side plates 90 fitted outside 

5 these fins. 

Next, the structure of flat tubes 81 is explained. 
In Figs. 2 and 3, reference numeral 82 in- 
dicates a pair of formed plates, and 83 indicates 
the intake/outlet tank section which is formed at the 

10 top of each formed plate with grooves. Parallel 
grooves 47, 46. 67 are formed on the formed 
plates 82. The difference between this formed plate 
82 and the conventional plate 2 is that the formed 
plate 82 of the present invention has additional 

75 grooves 67, which run parallel to the groove 15 of 
the conventional plate. A corrugated plate 52 is 
fitted in between the formed plates 82 at the time 
of assembly. There are four of the corrugated 
plates 52 in each flat tube. 

20 In this embodiment, condensed water can flow 

down through the gap between grooves 46, 47 and 
67 of formed plates 82 and the air-side fins 84. 
With this structure, the amount of condensed water 
running into the air-side fins is reduced, making it 

25 possible to reduce the amount of water splashing 
out from the backwash side of the evaporator. It 
should be noted that the number of the grooves 67 
may be increased beyond two; there is no restric- 
tion on this. 

30 Fig. 4 is an exploded perspective view of the 

coolant passages used in the second embodiment 
of the present invention. Fig. 5 is a cross-sectional 
view of the same coolant passages when assem- 
bled by putting together the parts shown in Fig. 4. 

35 Fig. 6 is an enlarged view of the portion X in Fig. 5. 

In these figures, a pair of formed plates 82b 
are approximately the equivalent of those used in 
the first embodiment. Parallel grooves 46, 47, 67 
are formed in the formed plates 82b. Corrugated 

40 plates 52b are fitted in between the formed plates 
at the time of assembly. The reason there are only 
two corrugated plates 52b in this embodiment, al- 
though there is a total of four coolant paths incom- 
ing and outgoing, is that one corrugated plate 52b 

45 is mounted astride two coolant passages as illus- 
trated in Figs. 5 and 6. With this structure, the 
number of necessary parts is reduced. Also, it is 
possible to create more coolant passages by for- 
ming more grooves and to prepare and use cor- 

50 rugated plates that can be fitted astride more than 
two coolant passages to accommodate any number 
of passages. The function and operation of this 
embodiment in relation to the down flowing con- 
densed water are the same as those in the first 

55 embodiment. 

Fig. 7 is a longitudinal section view of the 
coolant passages used in the third embodiment of 
the present invention, and Fig. 8 is a perspective 
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view of the same coolant passages and the air-side 
fins when assembled. 

In these figures, reference numeral 82c de- 
notes the formed plate, 46, 47 and 67 the grooves, 
83 the tank section, 50 the coolant turn grooves for 
guiding the coolant through a U-turn, the arrows 70 
indicate the flow direction of the coolant and the 
range hi is the coolant U-turn area. The difference 
between this formed plate and the formed plates in 
the first and second embodiments is that the 
grooves 67 on both plates are continuous with the 
coolant turn groove 50 through the U-turn section. 

In this figure, h 2 indicates the range which is 
below the bottom of the aforementioned continuous 
coolant turn groove. 

In Fig. 8, reference numeral 52c indicates the 
corrugated plates. Both the formed plates 82c and 
the corrugated plates 52c may be identical to those 
in either embodiment 1 or embodiment 2. Refer- 
ence numeral 84 indicates the air-side fin, 60 the 
flow of the condensed water, and 61 the air flow. 

In this embodiment, the condensed water 60 
which is collected in the grooves 67 flows down the 
same grooves 67. The condensed water which has 
flowed down runs into one of the coolant turn 
grooves 50 connected to the opposite groove 67 at 
the coolant U-tum section and flows out onto the 
air-side fin 84 within the area indicated by h2, 
which also indicates the height of the bottom of the 
coolant turn grooves. Part of the condensed water 
60 that has flowed out this way will flow into the 
coolant turn groove which is located immediately 
below the first one and then flows out onto the next 
air-side fin. A similar flow will occur at the coolant 
turn groove which is yet one lower, making the 
condensed water 60 flow to an even lower position. 
Because of this, the entirety of the condensed 
water 60 flowing in the grooves 67 finally goes out 
onto the air-side fins 84 at the height of the lower 
end of the lowest coolant turn groove, thereby 
minimizing the chance of the condensed water 60 
flowing out from the air backwash side of the 
evaporator. Therefore, with this embodiment, the 
chances of water splashing out from the rear in the 
backwash air flow of the evaporator are reduced. 

Next the structure of the side plate 90 is ex- 
plained using Figs. 9 and 10. 

Fig. 10 is a cross-sectional view along the line 
B-B in Fig. 9. 

As shown in Figs. 9 and 10, there are three 
grooves 91 formed on the inner surface of the side 
plate 90. These grooves 91 extend vertically and 
project out on the external surface. The condensed 
water on the inner surface of the side plate 90 
flows down guided by the three grooves 91 . 

Also, as shown in Fig. 9, there are a plurality of 
through holes 92 provided, which go through the 
side plate 90. The diameters of these holes 92 
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gradually become larger toward the lower end. The 
condensed water on the inner surface of the side 
plate 90 is discharged to the outside through these 
through holes 92. These through holes 92 need not 
5 be round but can be elongated. 

By creating grooves 91 and through holes 92 
in the side plate 90, the condensed water on the 
inside of the side plate 90 flows down guided by 
the grooves and is discharged to the outside 

70 through the through holes 92. This means that the 
condensed water does not flow to the backwash 
side of the air flow. 

The structure of the upper section of the side 
plate 90 is explained based on Figs. 1 and 11. Fig. 

75 1 1 shows an enlarged view of the portion indicated 
by arrow V in Fig. 1. 

The cross section of the outlet header 89 is 
approximately rectangular, and the outlet header 89 
is connected with passage hole 87 in the end plate 

20 86. At the upper end of the side plate 90, the end 
of the horizontal section 93 is bonded to the end 
plate 86. 

The bottom surface of the outlet header 89 and 
the top surface of the horizontal section 93 are 

25 aligned and are bonded by means of brazing. 

Because the outlet header 89 and the side 
plate 90 are bonded, if pressure is applied, the 
force applied to the intake/outlet tank section 83 in 
the direction of the width is absorbed by the side 

30 plate 90, preventing deformation of the entire evap- 
orator 85. As grooves 91 are formed on the side 
plate 90 and project on its outside, the side plate 
90 has sufficient strength and deformation is reli- 
ably prevented. 

35 The core section of the evaporator 85 has a 

larger total area of brazing because at this core 
section the plates 82 are joined together via the 
corrugated inner fins 52. This results in a large 
difference in strength between the intake/outlet tank 

40 section 83 and the core section. Because of this, if 
there is pressure applied, there is a significant 
difference in the amount of deformation occurring 
at the core section and at the intake/outlet tank 
section 83. However, by bonding the outlet header 

45 89 and side plate 90, deformation can be suffi- 
ciently prevented even for the evaporator 85 which 
is inherently weak. 

In Fig. 11, the bonded section of the outlet 
header 89 and the side plate 90 is shown. The 

so intake header 88 has an identical shape as the 
outlet header 89 so the bonded areas with side 
plate 90 is exactly the same on both ends. 

As the bottom surface of the intake header 88 
and the outlet header 89 are bonded to the top 

55 surface of side plate 90 in the evaporator 85, any 
force applied to the intake/outlet tank section 83 in 
the direction of width when pressure is applied is 
absorbed by the side plate 90. Thus, deformation 
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of the entire evaporator 85 due to the large dif- 
ference in strength between the core section and 
the intake/outlet tank section 83 is avoided. 

Furthermore, as there is no gap present be- 
tween the intake header 88 and outlet header 89 
and the side plate 90. there is no air leak, eliminat- 
ing the problem of lowered heat exchange perfor- 
mance . 

Fig. 12 shows a fourth embodiment and is a 
cross-sectional view along line C - C in Fig. 1. 

As shown in Fig. 12, in the flat portion of 
corrugated fins 84 a plurality of cut and raised 
louvers are formed along the direction of air flow 
(vertical in the figure), and the raised louvers 95 
are parceled into blocks of a specific number of 
louvers to form louver groups 96. Between one 
louver group 96 and another, there is a non-louver- 
ed section 97. Corrugated fins 84 are arranged 
between the flat tubes 81 in such a manner that 
non-louvered sections 97 correspond with the 
grooves 47 and 67 of the plate 82. 

In the evaporator 85 of the aforementioned 
structure, the air flow is directed into upper and 
lower flow paths by the flat portion of each cor- 
rugated fin 84, and the exchange of intaken air 
between different air paths is achieved through 
passages formed at the raised louvers 95. 

The width of the non-louvered sections 97 of 
the corrugated fins 84 is larger than the width at 
the louver groups 96, but as the non-louvered 
sections 97 are positioned at locations that cor- 
respond with the grooves 47 and 67 of the plate 
82, the portions of the corrugated fins 84 where the 
louver groups 96 are located come in contact with 
the plate 82. Because of this, the contact between 
the corrugated fins 84 and the flat tubes 81 be- 
comes continuous line contact, eliminating any un- 
brazed areas from occurring. The grooves 47 and 
67 have a function of drawing promptly downward 
the drain water which condenses on the surface of 
the flat tubes 81 and the corrugated fins 84. 

Fig. 13 is an exploded perspective view of the 
flat tubes used in the fifth embodiment of the 
present invention, and Fig. 14 is a front view of the 
butting surface of the plates that form the flat 
tubes. Fig. 15 shows a cross section through the 
line C - C in Fig. 1. 

As shown in Fig. 13, the flat tubes 81 are 
formed by butting two press-formed plates 82 to- 
gether. At one end of the flat tubes 81 (the upper 
end in the figure) an intake/outlet tank section 83 is 
formed. 

As shown in Fig. 1, the flat tubes 81 and the 
corrugated fins 84 are alternately stacked and the 
intake/outlet tank sections 83 are connected to 
form the stacked heat exchanger (evaporator) 85. 

The intake/outlet tank section 83 is partitioned 
into an intake section 44 and an outlet section 45 in 
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the direction of the width of the panel of flat tubes 
81. When the evaporator 85 is assembled, the 
adjacent intake/outlet tank sections 83 are con- 
nected by means of communicating holes 46 in 

5 such a manner that the intake sections 44 commu- 
nicate with one another and the outlet sections 45 
communicate with one another. 

As shown in Figs. 13 and 14, the inner hollow 
section of the plate 82 is partitioned into two cham- 

70 bers 48 and 49 by a partitioning wall 47 which 
extends vertically. The lower end of partitioning 
wall 47 is open and the lower end of plates 82 
thereby form a U-turn section 50 in which the fluid 
coolant makes a U-turn. By butting two plates 82 

75 the partitioning wall 47 divides the intake/outlet tank 
section 83 into the intake section 44 and the outlet 
section 45 and it further separates the chamber 48 
that extends from intake section 44 from the cham- 
ber 49 that extends from outlet section 45. Further- 

20 more, chambers 48 and 49 communicate at the U- 
turn section 50, thus a fluid passage 51 is created 
by the chambers 48 and 49 and the U-turn section 
50. 

Within the chambers 48 and 49 (between the 
25 dotted lines), the corrugated inner fins 52 and 53 
are inserted into the fluid passage 51 . As shown in 
Fig. 15, in the corrugated inner fins 52 and 53. a 
plurality of corrugations 52a and 53a are formed 
along the direction of the length, so that flow paths 
30 54 and 55 running along the direction of the length 
(vertically in the figure) of the chambers 48 and 49 
are formed independently to divide the coolant flow 
into separate paths. 

In the U-turn part of the fluid passage 51, a 
35 plurality of U-shaped paths 56 guide the flow of the 
coolant through the U-turn in independent paths. 
The U-shaped flow paths 56 are formed by a 
plurality of U-shaped beads which are press 
formed on the inside surface of the plates 82. The 
40 U-shaped flow paths 56 make a U shape along the 
shape of the plates 82. 

When the coolant flows between the chambers 
48 and 49, the coolant flowing in flow paths 54 and 
55 located outside with respect to the width direc- 
ts tion of the flat tubes 81 flows in the U-shaped flow 
paths 56 through the outside portion of the U-turn 
section 50. Also, the coolant flowing in flow paths 
54 and 55 located inside with respect to the width 
direction of the flat tubes 81 flows in the U-shaped 
50 flow paths 56 through the inside part of the U-turn 
section 50. In other words, the coolant within the 
flat tubes 81 flows in the fluid passage 51 by going 
from inner side to inner side and from outer side to 
outer side. 

55 As shown in Figs. 13 and 15, there is provided 

a projection 67 in the chamber 84 of the plate 82. 
The projection 67 forms on the outer side of the 
plate 82 a groove 71 extending parallel to the 
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partitioning wall 47. The height of the projection 67 
(or the depth of the groove 71) is such that the 
projection 67 comes into contact with the inner 
surface of chamber 49 of the other plate when a 
pair of plates 82 are butted and joined together. 5 

Also, as shown in Fig. 15, the width H of the 
groove 71, at the downstream side (lower area in 
the figure) of the air flow, is wider than the width h 
of the groove 71 at the upstream side (upper area 
in the figure). In other words, the flat tubes 81 are 10 
formed by butting two different types of plates 82 
in which projections 67 of differing width are 
formed. 

Furthermore, as shown in Fig. 15, the flat por- 
tion of the corrugated fins 84 has cut and raised 75 
louvers 95 formed along the direction of the air flow 
and the exchange of intaken air between different 
air paths which are partitioned vertically by the 
corrugated fins 84 is achieved through these raised 
louvers 95. The corrugated fin 84 is divided into 20 
corrugated fins 84a, 84b, 84c and 84d and aligned 
with the position of the grooves 71 and the projec- 
tion 47 to make up the divided sections 98. The 
drain channel 99 is formed with the groove 71 and 
the back side of the projection 47 and the divided 25 
section 98. 

In the evaporator 85 described above, the fluid 
coolant which flows through the intake section 44 
of the flat tube 81 is guided to the U-turn section 
50 via the separate flow paths 54 formed by the 30 
corrugated inner fins 52, makes a U-turn at the 
separate U-shaped flow paths 56 formed with the 
U-shaped beads 57 and then flows to the outlet 
section 45 via the separate flow paths 55 formed 
by the corrugated inner fins 53. The overall flow of 35 
coolant and air in the entire evaporator 85 wherein 
the flat tubes 81 and corrugated fins 84 are al- 
ternately stacked is the same as the that shown in 
Fig. 20. 

The coolant flowing within the flat tubes 81 40 
flows into the subdivided flow paths 54 and 55 and 
the U-shaped flow paths 56, which means the 
coolant flows in the fluid passage 51 from inside to 
inside and from outside to outside. This limits the 
separation of gas and liquid in a two phase flow of 45 
coolant that results from the centrifugal force ex- 
erted in the U-turn section 50 within the U-shaped 
flow paths 56. Thus, there is reduced distribution of 
gas and liquid in a two phase flow of coolant. Also, 
as the U-shaped flow paths 56 of the U-turn section 50 
50 is U-shaped along the form of the plate 82, 
there is no impedance of flow of the coolant. 

Because of this, distribution of gas and liquid in 
the coolant is reduced, so that loss of thermal 
efficiency due to the separation of gas and liquid is 55 
less likely. At the same time, the likelihood of 
occurrence of inconsistent heat exchange perfor- 
mance due to impedance of the coolant flow is 



eliminated. 

While the coolant flows within the flat tubes 81 , 
air is supplied between the corrugated fins 84 and 
the air is cooled by the latent heat of evaporation of 
the coolant. 

In the aforementioned evaporator 85, as the 
groove 71 of the flat tubes 81 is formed in the 
chamber 84 of one of the plates 82 at a depth at 
which it fits exactly the inner surface of the cham- 
ber 49 of the other plate 82, a drain channel 99 of 
approximately the same depth as the thickness of 
flat tubes 81 is obtained. 

Also, in the aforementioned evaporator 85, as 
the width H of the groove 71 on the downstream 
side of the air flow is greater than the width h of 
the groove 71 on the upstream side of the air flow, 
the condensed water does not flow out of the drain 
channel 99 even if the amount of condensed water 
increases on the downstream side of the air flow. 

In the aforementioned evaporator 85, as the 
corrugated fins 84 are divided according to the 
position of the groove formed by groove 71 of the 
flat tubes 81 and the projection 47 and the drain 
channel 99 is formed with the groove formed by 
the groove 71 and projection 47 and the divided 
section 98, the condensed water flowing down is 
guided by the groove and is not blocked by the 
corrugated fins 84. 

Claims 

1. A stacked heat exchanger formed by stacking 
a plurality of corrugated fins and a plurality of 
flat tubes for coolant flow, each of which is 
formed by joining a pair of formed plates 
which have a shallow dish-like section and an 
intake/outlet tank section for coolant located at 
one end, which tank section is deeper than 
said shallow dish section so that said formed 
plate face each other, wherein a U-shaped 
coolant passage comprising two straight in- 
coming and outgoing passages and a semi- 
circular turn passage is formed between said 
two joined formed plates so that said coolant 
flows from an intake coolant tank at said in- 
take/outlet tank section to an outlet coolant 
tank at said intake/outlet tank section, wherein 
a corrugated plate is inserted into said straight 
passage; 

wherein a side plate is disposed on either 
end in the direction of stacking to form an 
outer wall; and 

wherein each formed plate has a groove 
which is brazed together with a corresponding 
groove on another formed plate and seals out- 
er periphery of said flat tubes when said 
formed plates are butted together, and each 
formed plate also has a groove which is 
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brazed together with a corresponding groove 
on another formed plate and forms a partition 
between said two straight passages, and each 
formed plate also has at least one groove 
formed in said straight passages in parallel 5 
with any of said grooves. 

2. The stacked heat exchanger of claim 1 
wherein a partitioning groove is formed to di- 
vide said turn flow passage section of said U- 10 
shaped coolant flow passage into a plurality of 

flow paths, and said at least one groove 
formed in said straight incoming and outgoing 
flow passages is formed in continuation with 
the partitioning groove in said turn flow pas- 75 
sage section. 

3. A stacked heat exchanger comprising a plural- 
ity of flat tubes which are formed by butting 

two press-formed plates and a plurality of cor- 20 
rugated fins, with said flat tubes and said cor- 
rugated fins being alternately stacked together; 

wherein said stacked heat exchanger fur- 
ther comprises side plates provided as exter- 
nal wall plates on both sides of the stacked 25 
heat exchanger in the direction of stacking; 
and 

wherein a groove is provided extending 
vertically on the inner surface of said side 
plate and also projecting on the external sur- 30 
face of said side plate. 

4. The stacked heat exchanger of claim 1 
wherein a through hole for discharging con- 
densed water is formed at least on a lower 35 
section of said side plates. 

5. The stacked heat exchanger of claim 4 
wherein a plurality of said through holes are 
provided. 40 

6. A stacked heat exchanger which comprises flat 
tubes formed by butting two press-formed 
plates and which is formed by stacking a plu- 
rality of said flat tubes and a plurality of cor- 45 
rugated fins alternately; 

wherein a plurality of raised louvers are 
formed on a flat portion of said corrugated fins 
4 in the direction of air flow, so that said 
louvers are grouped into individual louver 50 
groups spatially separate from one another in 
such a manner that a non-louvered section is 
provided between the louver groups; 

wherein a partitioning groove is formed on 
the external surface of said flat tubes, so that 55 
the back side of the partitioning groove pro- 
jects on the side of side U-shaped fluid pas- 
sage in such a manner that the back side of 



said partitioning groove divides fluid flow in 
said flat tubes into an upward flow and a 
downward flow, and so that said partitioning 
groove on said flat tubes is arranged to cor- 
respond to the non-louvered section of said 
corrugated fins. 

7. A stacked heat exchanger which comprises flat 
tubes formed by butting together a pair of 
formed plates, each of which has an in- 
take/outlet tank section for receiving and dis- 
charging fluid at one end and at least one 
groove that runs vertically on the external sur- 
face of a core section of said flat tubes which 
core section forms a passage for the fluid, and 
which stacked heat exchanger is formed by 
stacking a plurality of the flat tubes and a 
plurality of corrugated fins alternately; 

wherein said groove forms a drain channel 
between the external surface of said flat tubes 
and said corrugated fins; 

wherein said groove is formed on either 
one of said pair of formed plates by forming a 
portion indented to such a depth that said one 
formed plate comes in contact with the inside 
surface of the other formed plate at said 
groove. 

8. A stacked heat exchanger which comprises flat 
tubes formed by butting together a pair of 
formed plates, each of which has an in- 
take/outlet tank section for receiving and dis- 
charging fluid at one end and at least one 
groove that runs vertically on the external sur- 
face of a core section of said flat tubes which 
core section forms a passage for the fluid, and 
which stacked heat exchanger is formed by 
alternately stacking a plurality of said flat tubes 
and a plurality of corrugated fins; 

wherein each corrugated fin is sectioned at 
a position of said groove into a plurality of 
elements, so that a drain discharge channel is 
formed by a space formed between said ele- 
ments of said corrugated fin and said groove. 

9. A stacked heat exchanger which comprises flat 
tubes formed by butting together a pair of 
formed plates, each of which has an in- 
take/outlet tank section for receiving and dis- 
charging fluid at one end and at least one 
groove that runs vertically on the external sur- 
face of a core section of the flat tube which 
core section forms a passage for the fluid, and 
which stacked heat exchanger is formed by 
stacking a plurality of the flat tubes and a 
plurality of corrugated fins alternately stacked; 

wherein a plurality of drain channels are 
formed between the external surface of the flat 
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tubes and the corrugated fins by disposing a 
plurality of said grooves on the flat tubes in 
such a manner that the width of said grooves 
increases from the upstream side toward the 
downstream side of air flow. 5 
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